Background Sarcopenia describes a loss of muscle mass and resultant decrease in strength, mobility, and function that can be quantified by CT. We hypothesized that sarcopenia and related frailty characteristics are related to discharge disposition after blunt traumatic injury in the elderly. Methods We reviewed charts of 252 elderly blunt trauma patients who underwent abdominal CT prior to hospital admission. Data for thirteen frailty characteristics were abstracted. Sarcopenia was measured by obtaining skeletal muscle cross-sectional area (CSA) from each patient's psoas major muscle using Slice-O-Matic Ò software. Dispositions were grouped as dependent and independent based on discharge location. v 2 , Fisher's exact, and logistic regression were used to determine factors associated with discharge dependence. Results Mean age 76 years, 49 % male, median ISS 9.0 (IQR = 8.0-17.0). Discharge destination was independent in 61.5 %, dependent in 29 %, and 9.5 % of patients died. Each 1 cm 2 increase in psoas muscle CSA was associated with a 20 % decrease in dependent living (p \ 0.0001). Gender, weakness, hospital complication, and cognitive impairment were also associated with disposition; ISS was not (p = 0.4754). Conclusions Lower psoas major muscle CSA is related to discharge destination in elderly trauma patients and can be obtained from the admission CT. Lower psoas muscle CSA is related to loss of independence upon discharge in the elderly. The early availability of this variable during the hospitalization of elderly trauma patients may aid in discharge planning and the transition to dependent living.
Introduction
The term frailty is used widely throughout geriatric literature to describe the declining elderly condition and identify those at risk for adverse health outcomes [1] . Sarcopenia, a frailty risk factor of particular interest, is the reduction of lean muscle associated with aging [1] . Sarcopenia is often classified as a part of the geriatric syndrome consisting of multiple system impairments and increased vulnerability to stress [2, 3] .
Age-related changes in muscle include alterations in mass, composition, and contractility [4] . With age, the loss of motor units (fast [ slow) leads to decreased muscle cross-sectional area (CSA) [4] . In addition to decreased mass, increased muscle fat infiltration is associated with diminished muscle strength [5, 6] . These changes describe sarcopenia.
The gold-standard imaging modality for measuring sarcopenia is CT [7, 8] . Abdominal CT images at specific lumbar vertebral levels have been shown to correlate well with total body fat and muscle content [9] . By measuring the CSA of specific muscles at a standardized level, we are able to determine an individual's relative degree of sarcopenia.
Sarcopenia can be compared to osteopenia. Osteopenia may predict risk of osteoporotic fracture with subsequent disability. Similarly, sarcopenia may predict risk of weakness and disability [10, 11] . Osteoporosis can be diagnosed by measuring bone mineral density. Sarcopenia, unlike osteoporosis, should be defined through measurement of muscle mass in addition to other frailty or functional measures [10] . Measurement of frailty risk factors provides additional insight into the elderly syndrome of which sarcopenia is an important factor [10] .
Outcomes in the elderly population are poorer with higher mortality rates when compared to other age groups [12, 13] . Age does not independently explain this difference [14] . We set out to determine if sarcopenia and related frailty characteristics, that can be measured early during the care of an injured geriatric patient, are related to discharge disposition after blunt traumatic injury in the elderly.
Materials and methods

Subjects and study design
This is a retrospective chart review aimed at identifying risk factors in elderly blunt trauma victims that can affect discharge disposition. To obtain these data, we reviewed the charts of 252 patients admitted to a Level I trauma center, Froedtert Hospital (FH) in Milwaukee, WI, from January 1, 2008 to April 30, 2011. Patients included in this review had been evaluated by and admitted to the trauma service and underwent an abdominal CT scan as part of their initial hospital evaluation. Elderly was defined as 65 years of age and older. We excluded patients who sustained TBI and SCI due to the devastating effects of neurologic injury on recovery and post-injury functioning. While underlying frailty and sarcopenia may influence discharge disposition in these populations, it would be difficult to determine if outcomes were related to frailty or the neurologic injury itself. The effect of frailty on neurologically injured patients should be studied separately.
Frailty risk factors
Data for thirteen frailty risk factors were abstracted from medical records and the FH trauma registry (Table 1) . Risk factors were chosen by senior authors, based loosely on the domains of frailty defined by Robison et al., [15] but limited by our retrospective approach and the size of our study population. Robinson et al. proposed that frailty characteristics related to the need for post-operative institutionalization include older age, increased Charlson score, lower hematocrit, functional dependence, prolonged upand-go test, albumin, low Mini-Cog score, and recent fall [15] . Based on these findings, we observed age/sex/race, weakness, sarcopenia, altered cognition, Charlson score, BMI, ADL's, hematocrit, and living situation as measures of pre-existing frailty. Albumin was not routinely available in our subject's records. We added Injury Severity Score (ISS) and hospital complications to broaden the scope of our focus and provide information regarding type of injury and how the hospital course may affect outcomes.
Through chart review, we identified patients who had less than full strength by the presence of specific pre-injury features ( Table 2 ). Patients with one or more indication of weakness were grouped together in the weak group. Patients without indication of pre-existing weakness comprised the non-weak group.
In a similar fashion, we used chart review to identify patients with pre-existing cognitive impairment or mental illness (Table 3) . Patients with pre-injury altered cognition were grouped together. All patients without documented cognitive impairment or mental illness were grouped separately into the normal cognition group.
Hospital complications were determined from chart review. Complications that were identified in our database are listed in Table 4 . Patients who suffered complications in addition to their primary injury were grouped together and patients without complications were grouped separately.
Activities of daily living (ADL's) were observed as an additional measure of pre-existing disability. Record of ability to perform ADL's was gathered from patient medical records. Those patients who were independent with ADL's were grouped into one category and those requiring assistance were grouped separately.
Living Situation provides additional insight into preinjury functional status and ability to discharge home postinjury. We group patients into two categories. Those living at home, alone, or with others were grouped together, and those living in a rehabilitation facility, assisted living, nursing home, or residential facility pre-injury were grouped separately.
Body composition methodology
In order to quantify sarcopenia, we used CT to measure cross-sectional area of the bilateral psoas major muscle at the level of the L4-L5 intervertebral disk space. CT is used to determine muscle area via Slice-O-Matic software [16] . Using the Slice-O-Matic software, we traced the boundary between skeletal muscle and extra-muscular fat. The Hounsfield units (HU) were set to gate out intramuscular and intermuscular fat with parameters between 0 and 140 HU [16] .
HU measurements of skeletal muscle reflect density, with lower HU indicating lower density and greater fat infiltration [3, 16] . Patients with greater fat infiltration or lower overall muscle mass have a lower CSA. Patient CT scans, measured using this technique, were compared to determine if pre-existing differences in CSA alter outcomes after traumatic injury. We measured the baseline CSA only, obtained from CT scans completed during initial ED evaluation, soon after traumatic injury. This measure reflects the baseline muscle mass, before muscle composition has been altered by injury or hospitalization.
The youngest subjects in our study were 65-years old. We analyzed groups of elderly patients at various age increments to determine if continued advancement in age affected the degree of sarcopenia, the presence of frailty risk factors, and overall outcomes.
Outcomes
Discharge destinations were defined as death, skillednursing facility (SNF), nursing home (NH), rehabilitation, home, and home health. The latter 3 were grouped as independent outcomes in order to look at variance by rank and obtain binary outcomes. Patients with dependent outcomes require a greater level of assistance or care after hospital discharge. Those patients discharged to home, home health, or rehab have independent outcomes. Patients with independent outcomes require less care or assistance. Groups were determined using pre-existing categories in FH database. While patients in SNF and NH require essentially the same amount of care, they are separated because Medicare regulates only SNF's. v 2 , Fisher's exact, and logistic regression were used to determine factors associated with discharge dependence. 
Results
Mean age was 76 years, the population was 49 % male, and the median ISS was 9.0 (IQR = 8.0-17.0). Patients were discharged to the following destinations: nursing home 5 %, SNF 18 %, Rehab 24 %, home with home health 7 %, and home 35 %.
The association of discharge destination with covariates (race, age, gender, Charlson score, BMI, ADL, hematocrit, cognitive impairment, weakness, living situation, hospital complications, and psoas muscle cross-sectional area) was analyzed using the v 2 and student's t test. We grouped patients who died into the dependent outcome category. Groups labeled missing did not have the specified variable accessible from the medical record.
The results of our data collection are listed in Table 5 . Several of the measured variables were statistically significant including race, age, Charlson score, BMI, ADL, hematocrit, cognition, weakness, living situation, hospital complications, and psoas CSA.
The effect of ISS was not significant (p = 0.164). Twenty-nine percent of patients with ISS less than 8, 39.6 % of patients with ISS 9-15, and 45.5 % of patients with ISS [15 went to dependent living post-injury.
For psoas muscle CSA, we compared the means between dependent and independent outcome destinations and the results show that the mean difference in psoas CSA is statistically significant (p \ 0.001). Mean psoas muscle CSA was 1,800 mm 2 in the dependent group and 2,290 mm 2 in the independent group, demonstrating an increased risk for dependence at the time of hospital discharge with lower mean CSA.
After our initial data analysis (Table 5) , we performed a multivariate regression (Tables 6, 7 ). Variables listed in Table 6 are significantly associated with disposition in the final parsimonious model. Compared with patients aged 65-74, patients 75 years of age or older were more than 3 (3.71-4.19) times more likely to stay in dependent living. Controlling for age and other significant factors in the final model, a 1 cm 2 increase in psoas muscle CSA was associated with a 20 % decrease in the odds of dependent living (p \ 0.0001). The other variables significantly associated with the disposition outcome were gender (male vs. female), pre-injury weakness (2-6 vs. 1; missing group vs. 1), hospital complication (yes vs. no; missing group vs. no), and altered cognition (presence vs. absence) ( Table 7) .
Discussion
The primary cause of sarcopenia is inactivity [17] . Physical therapy and nutrition are the only interventions that have been shown to have a positive influence on the frailty syndrome [18] . While resistance training has been widely recognized as a method to slow the onset of sarcopenia, more recent data emphasize the importance of protein intake and the possibility that aerobic exercise may play a role in preserving skeletal muscle mass [19] . Muscle is built through protein synthesis, requiring a supply of amino acids from dietary intake [19, 20] . Studies show that complete protein intake is associated with higher skeletal muscle mass [21, 22] . Emphasizing dietary protein intake and exercise serves to optimize outcomes in the elderly trauma population. When nutrition and physical condition are optimized, injuries such as falls, may be occur less frequently and outcomes, if such injuries occur, may be improved. If sarcopenia and frailty are not prevented, they may alter a patient's ability to recover after trauma. Even when frailty is not prevented, value lies in the identification of its presence.
The idea that pre-surgery rehabilitation optimizes outcomes post-operatively has become increasingly acknowledged. Prior to elective surgery, patients can optimize diet and exercise to help facilitate better outcomes after surgery. The presence of frailty pre-operatively is associated with post-operative complications and longer hospital stays [23] . For this reason, frail and sarcopenic patients are poor candidates for surgery. By definition, frail individuals have a decreased physiologic reserve and less ability to cope with the physical stress associated with surgery [2] [3] [4] . In trauma, due to the emergent nature of surgical intervention, we are unable to encourage pre-surgery rehabilitation. However, value lies in the identification of frailty to aid in the prediction of prognosis and discharge disposition.
Early and appropriate discharge planning has become increasingly important to minimize length of stay, decrease hospital re-admissions, and provide patients with the most appropriate care after hospital discharge. Post-discharge site determination is a multidisciplinary decision requiring consideration of medical, functional, and social aspects of a patient's illness [24] . The patient, family, physician, social worker, case manager, nurse, therapists, and insurance agency collaborate to optimize the discharge process [24] . Early determination of discharge disposition allows time for planning, facility acceptance, consent, and overall increased understanding by the patient and family. Measures proposed to be helpful in planning long-term care include ADL, Instrumental activities of daily living (IADL), cognition, depression, and mobility [24] . We chose to observe the presence of pre-existing weakness, altered cognition, and sarcopenia in a retrospective manner. Sarcopenia can be measured irrespective of a patient's condition by implementing measurements from CT scans. We believe that this feature makes CT especially valuable for the early prediction of disposition for the purpose of discharge planning in the trauma population. An alternative measure of sarcopenia is the timed-get-up-and-go test (TGUG), a measure of muscle strength in which the subject completes a series of functionally important tasks scored on a standardized scale [23] . This test is not well suited for the trauma population due to decreased mobility and postinjury associated pain. Since prevention is not possible once injury occurs, benefits lie in early identification of atrisk patients, allowing for more tailored care.
More research is needed in order to validate a major change in practice. Making the proposed measurements requires the use of CT in all patients. Given the safety and cost implications related to CT imaging, we do not believe that the routine use of imaging should be performed in trauma patients solely for the purpose of determining the presence of sarcopenia. However, obtaining measurements from CT imaging that is obtained for initial diagnostic purposes incurs little additional cost. Until further research, including collection of prospective data, has been completed, using alternative frailty markers (such as weakness and age) may serve as independent measures of frailty.
There are several limitations of this study, primarily related to the retrospective nature of the ascertainment of the covariates used in the analysis. For data points obtained directly from the patient medical records, accuracy of our results is based largely on the accuracy of previous patient charting. In a prospective analysis, we would separate mental illness from cognitive impairment but due to our limited sample size, we chose to group these together as altered cognition. Finally, we included ''missing'' groups in order to maintain the integrity of out data analysis. Missing groups included patients for which all measured data points were not available. If one of the data point was unavailable for a given subject, we analyzed that patient based on the data points we could access. Ideally, we would compare only patients who had data from all categories available but were unable to do so given limitations in the size of our database.
In conclusion, lower psoas major muscle CSA is related to discharge destination in elderly trauma patients and can be obtained from the admission CT. Lower CSA is related to loss of independence upon discharge in the elderly. The early availability of this variable during the hospitalization of elderly trauma patients may aid in discharge planning and the transition to dependent living. We recommend early identification of significant risk factors for frailty such as weakness, altered cognition, increasing age, and male gender. Diligence should be taken to avoid hospital complications in all settings. Finally, we hope that with further research, objective measures of frailty (sarcopenia), from available imaging, will be used in the clinical setting to improve discharge planning and ultimately improve the care of elderly trauma patients.
